Mitochondrial import and processing of wild type and type III mutant isovaleryl-CoA dehydrogenase.
Isovaleric acidemia is a rare inborn error of metabolism caused by a deficiency of isovaleryl-CoA dehydrogenase (IVD), a nucleus-encoded, homotetrameric, mitochondrial flavoenzyme that catalyzes the conversion of isovaleryl-CoA to 3-methylcrotonyl-CoA. We have previously identified a nucleotide deletion in the gene for IVD in fibroblasts from a patient with isovaleric acidemia leading to a shift in reading frame and premature termination of translation. The mutant IVD precursor is imported and processed to mature size, but no active enzyme is detected in mutant fibroblasts or expressed in Escherichia coli. Examination of the crystal structure of human IVD reveals that the C terminus is involved in tetramer stability. In vitro mitochondrial import experiments show that wild type IVD protein rapidly and stably forms mature homotetramer following import, whereas Type III mutant protein never forms stable oligomers. An additional series of mutant proteins with truncations and/or alterations in the C-terminal sequence implicates the C terminus of IVD in both enzyme activity and tetramer stability. Importantly, a dimeric intermediate in the folding pathway for wild type IVD has been identified in the in vitro mitochondrial import experiments, the first report of such an intermediate in the biogenesis of an acyl-CoA dehydrogenase.